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Sunday, March 6, 2011 127a(type I, IIa, IIx, IIb) and polymorphic (I/IIa, IIa/IIx, IIx/IIb) fibers. Fiber MHC
isoform content was determined by SDS-PAGE. The mean (5SE) pre- to post-
eccentric change in force was 5.2 5 0.5 kN/m2 (n = 24) for type I fibers,
18.3 5 1.5 (7) for I/IIa, 5.3 5 0.7 (27) for IIa, 18.1 5 2.3 (5) for IIa/
IIx, 5.4 5 0.6 (34) for IIx, 17.8 5 1.1 (11) for IIx/IIb, and 5.7 5 0.8
(24) for IIb. Multiple linear regression indicated that, independent of MHC con-
tent, greater pre-specific force was associated with a slightly greater post-force
deficit (slope = 0.94). With pre-eccentric force held constant, no relationship
was found between fiber Vo and post-eccentric force (p = 0.716) . In contrast,
data were well described by a model using pre-eccentric force and MHC poly-
morphism as predictors (p < 0.001; r2 = 0.97): post-force of monomorphic fi-
bers = 0.94(pre-force) þ 2.04 kN/m2 post-force of polymorphic fibers = 0.94
(pre-force) - 12.15 kN/m2 The significant difference (p< 0.001) in model y-in-
tercepts reveals that, at similar pre-eccentric specific force, MHC polymor-
phism was associated with a 14 kN/m2 greater eccentric-induced reduction in
force vs. monomorphic fibers. We conclude that MHC polymorphism is asso-
ciated with a heightened sensitivity to high mechanical strain at the level of the
myofilament lattice or cytoskeleton.
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Effects of R92 Mutations on Cardiac Contractile Function are Influenced
by Changes in Myosin Heavy Chain Isoform
Steven J. Ford, Ranganath Mamidi, Jesus J. Jimenez, Jil C. Tardiff,
Murali Chandra.
Mutations of cardiac troponin T (cTnT), many of which are found at its N-ter-
minus (cT1), are associated with various forms of human heart disease.
Within cT1, an amino acid at residue 92 (Arginine, R92) is a hotspot for point
mutations. Previous studies using transgenic mouse models have shown that
disease-related mutations R92 to Leucine (R92L) or Glutamine (R92Q)
each influence contractile behavior of cardiac myofilaments. Because such
cTnT mutations are often accompanied by an increase b-myosin heavy chain
(MHC) expression in the failing human heart, we sought to determine whether
the R92 mutation effects on cardiac contractile function are further influenced
by a shift in MHC isoform content. Detergent-skinned papillary muscle fiber
bundles were harvested from transgenic mice expressing R92L or R92Q
against native a-MHC (R92L/a-MHC or R92Q/a-MHC) and transgenic
mice expressing R92L or R92Q against predominantly b-MHC (R92L/
b-MHC or R92Q/b-MHC). Constantly-activated fiber bundles from R92 trans-
genic and nontransgenic controls (a-MHC and b-MHC) were used to
study how differences in MHC influence the effects of R92 mutations on
Ca2þ- and length-dependent contractile activation. Our study shows that, con-
comitant with previous findings, R92 mutations against a-MHC result in a de-
crease in ATPase activity, increase in myofilament Ca2þ-sensitivity, and
a decrease in cooperativity of myofilament force production. Furthermore,
our study suggest that mutant R92 effects cardiac contractile dynamics in
such a way that R92Q/a-MHC slows rates of crossbridge recruitment and
crossbridge detachment and blunts the nonlinear effect that crossbridge distor-
tion has on crossbridge recruitment. Interestingly, many of these R92 mutant
effects were significantly influenced by expression of b-MHC. Collectively,
these novel findings indicate a strong interaction effect and suggest that
MHC structure further influences how cTnT regulates functional and dynam-
ical aspects of cardiac contractile activation.
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Static Stiffness in Slow and Fast Mouse Muscle Fibers Expressing Differ-
ent Titin Isoforms
M. Angela Bagni, Barbara Colombini, Marta Nocella, Giulia Benelli,
Joseph Bruton, Giovanni Cecchi.
We showed previously (Bagni et al., 2002) that most of the increase of muscle
fiber stiffness during the early phases of a tetanic contraction is due to a non-
crossbridge sarcomere component whose stiffness (called static stiffness) in-
creases after stimulation with a time course very similar to the internal
Ca2þ concentration. This led us to speculate that Ca2þ concentration, in ad-
dition to promote crossbridge formation, could also leads to a stiffening of
a sarcomere structure, identified with the titin filament, either directly or
through a titin-actin interaction leading to the observed sarcomere stiffness
increase. According to this hypothesis, it is expected that static stiffness has
different properties in muscles expressing titin with different mechanical
properties. Therefore we compared the static stiffness values in soleus and
EDL adult mouse muscles, which express titin isoforms with long and short
PEVK segment, respectively. Considering that Ca2þ binding to E-rich motifs
in the PEVK segment increases its bending rigidity, the higher proportion of
these motifs in EDL compared to soleus is expected to lead to a greater static
stiffness in EDL. Our results showed that in agreement with the titin hypoth-
esis, the static stiffness measured in single fibers at 25C was more than fivetimes greater in EDL than in soleus and about two times greater than previ-
ously reported on FDB muscle. The static stiffness time course in EDL was
about the same as in FDB but slightly faster than in soleus, and it became
much faster at 35C in both EDL and soleus similarly to tension time course.
These results are in agreement with the idea that static stiffness depends on
the increment of titin stiffness due to the interaction between Ca2þ and
E-rich motifs in PEVK segment.
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A Novel Approach to Study Mechanical Ventilator-Induced Diaphragm
Muscle Weakness
Guillaume Renaud.
Mechanical ventilation (MV) is widely used clinically, despite being lifesaving,
several evidences point out that prolonged MV induces diaphragm muscle
weakness. Until now, most studies have focused on the impact of early MV
(up to 18h) in rats . Long-term changes remain unknown. In our lab, we
have developed a unique model allowing to keep a rat mechanically ventilated
for up to 3 weeks. Therefore, in the present study, we looked at the effect of 2
weeks of MV and immobilization in rats. The rats were divided into 4 groups
according to MV and immobilization duration : control, 1-4 days, 5-8 days and
9-14 days. Cross-sectional area (CSA) and specific tension (force normalized to
CSA) were measured in maximally activated (pCa 4.5) skinned single fibres set
at a sarcomere length of 2.6 mm. The specific tension was significantly reduced
in the second, third and fourth group compared to control (p<0.001). On the
other hand, the CSA remained unchanged in the second group compared to con-
trol and was significantly reduced in groups 3 and 4 (p<0.02 and p<0.001 re-
spectively). This tends to indicate that early loss in specific force is likely to be
due to post-translational modifications of the contractile proteins rather than
up-regulated proteolysis. Further experiments to analyze myosin speed and
force using a modified single fibre in vitromotility assay as well as myosin con-
tent using a PLA based assay will be presented at the meeting.
689-Pos Board B489
Mouse Intact and Skinned Cardiac Myocyte Mechanics: Crossbridge and
Titin-Based Stress in Unactivated Cells
Methajit Methawasin, Nicholas M.P. King, Joshua Nedrud,
Charles S. Chung, Michiel Helmes, Henk L. Granzier.
We investigated the contribution of actomyosin interactions in unactivated in-
tact and skinned cardiomyocytes in physiologic conditions.
A carbon fiber based cell-attachment system was used to measure the diastolic
stress-sarcomere length (SL) relation of murine intact cardiomyocytes, before
and after the addition of actomyosin inhibitors (BDM or blebbistatin). Stress
was measured during the diastolic interval of twitching myocytes that were
stretched at 100% length/s. Diastolic stress increased nearly linearly from
0 at SL 1.85 mm to 4.2 mN/mm2 at SL 2.1 mm. Actomyosin inhibitors lowered
diastolic stress by ~1.5 mN/mm2 at SL 2.1 mm (~30% of total), suggesting that
during diastole actomyosin interaction is not fully switched off. Stretch-hold-
release studies on skinned cardiomyocytes showed that as temperature changed
from 24C to 37C, there was shortening of slack SL (from 1.9050.01 mm to
1.8950.01 mm) and increasing of both peak stress (~35%) and steady state
stress (~26%). Shortening of slack SL and increasing stress could be inhibited
by blebbistatin. This suggests that at physiologic temperature, crossbridge cy-
cling takes place which contributes to diastolic stress. To extend this further,
calcium sensitivity of skinned cardiomyocytes was studied under conditions
that simulate physiologic diastole: 37C, presence of Dextran T500 to compress
the myofilament lattice to the physiological level, and [Ca2þ] from below to
above 100 nM. Mean active stress was increased at [Ca2þ] >55 nM (pCa
7.25) and was ~0.7 mN/mm2 at 100 nM [Ca2þ] (pCa 7.0) and ~1.3 mN/mm2
at 175 nM [Ca2þ] (pCa 6.75). The presence of active stress at pCa 7, which
is a physiologic Ca2þ concentration of cytoplasm during diastole, confirms
the contribution of crossbridge cycling to diastolic stress. These findings are
relevant for understanding diastolic function and for future studies of diastolic
heart failure.
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Characterization of Single- and Double-Headed Non-Muscle Myosin IIB
Heavy Meromyosins using Single Molecule Techniques
Attila Nagy, Yasuharu Takagi, Earl E. Homsher, Davin K.T. Hong,
James R. Sellers.
Non-muscle myosin IIB (NMIIB) is a cytoplasmic myosin, which plays impor-
tant role in cell motility by maintaining cortical tension. It forms bipolar fila-
ments with ~14 myosin molecules on each side of the bare zone. Our
previous studies showed that the NMIIB is a moderately high duty ratio
(~20-25%) motor. The ADP release step (~0.35 s-1), of NMIIB is only ~3 times
faster than the rate-limiting phosphate release (0.13 s-1), and as a result acto-
NMIIB has the highest ADP-affinity reported so far for the myosin superfamily
128a Sunday, March 6, 2011(<0.15 mM). To examine the kinetics of NMIIB at single-molecule level we
used a dual-beam optical tweezers. A surface-immobilized bead was coated
with single- (NMIIB-SH-HMM) and double-headed (NMIIB-HMM) heavy
meromyosin-like molecules. We measured the lifetimes of unitary actomyosin
interactions and determined the actin-detachment kinetics at two ATP concen-
trations. Results showed that at physiological ATP concentration (1 mM), the
rate of detachment of acto-NMIIB-SH-HMM interactions was ~0.51 s-1, sim-
ilar to the ADP release rate and steady-state ATPase rate reported from solution
kinetic studies. Decreasing the ATP concentration to 1 mMdid not alter this rate
of detachment (~0.43 s-1). In case of NMIIB-HMM the detachment rates were
~0.43 s-1 (1 mM ATP) and ~0.28 s-1 (1 mM ATP). Also, we found that the
power-stroke of NMIIB-SH-HMM and NMIIB-HMM were about 8 nm. No
signs of processive stepping were observed in case of NMIIB-HMM. The de-
tachment rates calculated from landing assays using NMIIB-SH-HMM-GFP
and NMIIB-HMM-GFP were 0.58 and 0.57 s-1 at 1 mM ATP. The double-
headed molecules were not motile, but we observed robust motility of minifila-
ments of full-length NMIIB-GFP. We will discuss our single-molecule results
from the perspective of the essential cellular functions of NMIIB in cell loco-
motion, tension generation and maintenance.
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Non-Linear Elasticity of Skeletal Myosins is Essential for Collective Force
Generation in Muscle
Motoshi Kaya, Hideo Higuchi.
Muscle contraction occurs through the rotation of the myosin heads pulling ac-
tin filaments past myosin filaments. In order to achieve contractions efficiently,
it is crucial for myosins to generate force collectively and to minimize the in-
terference between motors. In the previous studies, it was suggested that the
elasticity of myosin is linear so that myosins generate the large drag force op-
posing to muscle contraction if negatively strained. However, none of the pre-
vious studies has investigated the elasticity of single myosin explicitly in the
negative strain region. Therefore, we investigated the elasticity of single skel-
etal myosins in both the positive and negative strain directions. In the absence
of ATP, single myosins embedded in synthetic myosin-rod filaments were
tightly bound to actin filaments and were stretched and shortened repeatedly
by oscillating the two trapped beads on the both ends of acting filament ma-
nipulated by optical tweezers. The elasticity of myosins was characterized
by obtaining the force-displacement curves, where forces on myosin heads
were estimated by measuring the displacement of two beads, and displace-
ments of myosin heads were obtained by tracking the position of quantum
dots attached to the actin filament. We found that the elasticity is non-linear,
in which stiffness is high (~2.8 pN/nm) and low (~0.02 pN/nm) in the positive
and negative strain regions. The non-linear elasticity ensures high force gen-
eration with a small stretching of the elastic portion, and minimizing the
drag force of negatively-strained myosins. Furthermore, the estimates of the
actin sliding distance by the non-linear elasticity model were more consistent
with experimental results observed in 20mMATP than those by the linear elas-
ticity model. Therefore, the non-linear elasticity might be an essential mechan-
ical property of single myosin designed for the collective force generation in
muscle.
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Observation of Mechanical Process for Myosin-Ii by a Dark-Field Micros-
copy Combined with an Optical Trap
Mitsuhiro Iwaki, Atsuko Iwane, Toshio Yanagida.
Myosin-II molecules are self-assembled and form a muscle. Individual myosin
heads in muscle does not seem to interrupt each motion and fully exhibit their
function. Myosin heads are connected to the backbone filament via S2-coiled-
coil (~ 60 nm) with non-linear elasticity. Motor domain undergoes Brownian
motion (probably > 10 nm fluctuation), but small working stroke (~ 10 nm)
by the single myosin head is fully converted to macroscopic sliding motion
of muscle. Thus, flexibility enabling myosin head’s Brownian motion reduces
molecular friction in muscle, but how small working stroke within the thermal
noise can be fully converted to macroscopic motion is still unclear.
To answer the question, we should visualize the Brownian process and transi-
tion from pre-working state to post-working state. Detection for the process has
succeeded using micro-needle method (Kitamura et al., 1999), but detail anal-
ysis at modulated conditions was hard due to the difficulty for the method.
Here we used dark-field microscopy combined with an optical trap and ob-
served interaction between myosin II S-1 and actin. S1 was tagged with small
optically-trapped particle (60 nm gold or 200 nm polystyrene bead), which en-
abled us to quantify non-processive steps and processive steps concerning a few
myosin heads with rapid response time. We will discuss these results and trials
of mechanical modulation to the myosin head at sub-milli second time scale to
examine strain-dependent force generation like myosin-VI (Iwaki et al., 2009).693-Pos Board B493
Making Sense of the Motility Assay: Automated Video Analysis and
Molecular Model Based Inference
Lennart Hilbert, Genevieve Bates, Horia N. Roman, Michael C. Mackey,
Anne-Marie Lauzon.
Background:We present computational analysis and inference tools to assess
actomyosin interaction in the motility assay.
Methods/Results:
Analysis: Individual actin filaments are automatically detected and tracked by
area and position similarity in consecutive video frames. Filament velocities
(V) are calculated as distance traveled over elapsed time (T). For individual fil-
aments, the software measures filament length (L), velocity (V), number of
immotile frames. For the overall video, the breakage of filaments is monitored.
Velocity averages were found to be linearly related to values obtained manually
using Scion Image v.4.02 (NIH Image) (proportionality factor:0.9650.10,
from 8 videos).
Model: A model was developed that incorporates actomyosin binding sites with
independent kinetics (2 states:attached/detached, Poisson escape statistics:
mean attached time ton and mean detached time toff, binding site distance
(B)). The mean filament velocity is V(L) = Vmax[1-Pofft(L/B)],
with Poff = toff /(tonþtoff), the probability for a single binding site to be idle.
Numerical analysis of the variance suggests that the standard deviation (s)
over mean V is s/V = C/sqrt(T*L), C=constant.
Fitting: Fitting mean velocity V(L) and C to data allows the inference of Vmax,
Poff, ton. We simulate filament data for known parameters, reverse fit these
parameters, and for 6 simulated data sets (each holding 40 filaments) we find
the estimated parameter values to deviate from the input by 6%, 20%, and
20%, respectively.
Benefits/Implications:Our automated analysis softwareprovides: 1.Highfilament
counts 2.Detailed and reliable tracking of single filament motion 3.Flexibility to
meet the specific needs of the experimental operator. Small amounts of motility
data suffice to fit three important kinetic parameters. The model predicts increased
variance for slow myosin types, as is observed for smooth muscle myosin.
NSERC RGPIN217457-2010.
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7 Amino Acids canMake the Difference: Chemical Cycle Kinetics Connect
Smooth Muscle Myosin’s Loop1 Alterations to its Dynamical Differences
Lennart Hilbert, Michael C. Mackey, Anne-Marie Lauzon.
Background: The (þ) and (-)insert myosin isoforms present in smooth muscle
differ by a seven amino acid sequence. The sequence, which is present only in
the (þ)insert isoform, is part of surface loop1, which is involved in ADP/ATP
binding to and release from myosin’s catalytic pocket.
We use a chemical cycle kinetics model of the smooth muscle actomyosin in-
teraction to explore the effects of the loop1 difference on actomyosin kinetics.
We connect differences in the nucleotide binding/release energy barriers with
differences in cycling rate and on-time. The model also provides a framework
for testing other molecular hypotheses about actin-myosin interaction kinetics
of single binding sites.
Methods: 1.We constructed a kinetic cycle model, that accommodates the es-
sential aspects of the interactions occurring at one actin-myosin binding site.
The effective transition rates between the actomyosin cycle states incorporate
the free energy differences, energy barriers, substrate concentrations and load
on the filament. The diagram method gives an analytic expression for the acto-
myosin on-time (ton) and probabilities of occupation of a tight-bound state.
2.We adjusted the model parameters, so the model results match motility assay
filament velocities (V) for (-)insert isoform from literature(V=d/ton, where d is
the myosin step size).[Baker et al. J Biol Chem 278(31):28533-28539]
3.We decreased the energy barrier for nucleotide binding/release till a two-fold
increase in V was achieved. This two-fold increase of V is one generally ac-
cepted feature of the (þ)insert isoform.
Results/Discussion: A 0.9kBT loop1 energy barrier decrease can account for
a two-fold increase in V. It also results in 87% actin binding sites tightly bound
for (-)insert, compared to 76% for (þ)insert. This might contribute to latching
behavior in smooth muscle with high (-)insert content.NIH R01-HL 103405-01.
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Phosphate Enhances Actin Filament Velocity at Low pH in an in vitro
Motility Assay
Edward P. Debold, Matthew Turner, Jordan C. Stout, Samuel C. Walcott.
Elevated levels of phosphate (Pi) and decreased pH are believed to contribute to
muscular fatigue by inhibiting the function of myosin; however the molecular
basis of this inhibition remains poorly understood. The in vitro motility assay
was used to systematically examine the effects of elevated Pi (0 vs. 30mM)
